This paper describes a novel simple process suitable for fabrication of grating coupler on the optical waveguide using silicon mold. The mold was fabricated using electron beam lithography and fast atom beam etching. Submicron grating patterns were transferred from silicon mold to polymer waveguide layer.
Introduction
Recently, intense research activity in pattern duplication technology has opened up the technological capability of reliably producing very fine patterns using nanoimprint lithography. In many integrated optical devices, it is necessary to couple light from bulk optics to a channel waveguide. Either a prism coupler or a grating coupler can be used to couple a laser beam into a waveguide. Even though a prism coupler can give efficient coupling, surface corrugation grating structures are more compact and simpler for integration. It has been shown that the surface gratings in optical waveguides are useful for several kinds of grating coupler6,7,8 and optical filters9. The grating is formed from photoresist by exposure to a laser interferometer fringe pattern or fabricated using a phase mask. Recently, it has been shown that the replication technologies like embossing, casting or injection molding are very powerful tools to realize polymer waveguide.10. 11The LIGA technique is used to form a metal mold and the Si etching technique is also applied to form a Si mold. To realize a waveguide by mold, all of them used the conventional hydraulic press to stamp the pattern. As described above, however, a few experiments have been reported on 100nm scale molding. As far as we know, there is one report on grating coupler replicated by LIGA process, in which hot pressing has been used for the fabrication of polymer interferometer12.
In this paper, we exploit a novel simple process suitable for fabrication of grating coupler combined with optical waveguide.
In the proposed method, optical waveguide has been fabricated 
Fabrication of the Grating Coupler
In the proposed mold casting method, the waveguide material is spin-coated on the silicon mold, on which the grating pattern for the coupler has been pre-formed. Therefore, in stripping the sample from the mold easily by taking use of the bad adhesiveness between copper thin film and silicon wafer, we can fabricate the optical waveguide with grating coupler in room temperature and in the air. Polyimide (n=1.53) and PMMA (n=1.49) are chosen as the core and cladding materials respectively. Fig. 3 shows the fabrication steps for the realization of buried waveguide with nanometer-scale gratings. The left part of the figure is the front view while the right part is the side view.
The substrate was a silicon wafer with eight 0.5mmx0.5mm molds on the surface.
Firstly, a very thin (about 10nm) layer of copper (Cu) film is evaporated to function as easy removal layer due to the poor adhesion force between silicon and copper thin film. Then, the The pattern accuracy can be corrected because the thickness of the copper film is known. Although the edge roundness and warpage is also changed a little, it is confirmed that this novel method is effective to transfer the nanoscale pattern on microstucture. By stripping the sample from the mold, the sample may bend slightly. However, since the material of the waveguide is almost PMMA, the bimorph-like bending is not generated inherently. the waveguide when the beam is incident on the grating coupler area. The output spot observed at the end-face by IR CCD and microscope (see Fig. 6 ) camera when the beam from the fiber is coupled into the waveguide through the grating area is shown in Fig. 8(b) . 
